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(57) Abstract 



"y^"^*^ provides an organic electroluminescent device whose electroluminescence efficiency is independent of the work function 
of the cathode material, and whose service life under ambient conditions is excellent without the necessity of talcing additional protccUve 
measures. These properues arc obtained as a result of the fact that an organic layer of the device comprises mobile ions which 
compensated by immobile ions in such a manner that the polarity of all mobile ions is the same. 
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Organic dectroluminescoit device. 



The invention relates to an electroluminescent device comprising a first 
dectrode, a second electrode and an icMiic, organic layer which is in contact with said first 
dectiode, which layer contains a conjugated compound and mobile ions. The invention also 
relates to a method of manufacturing an electroluminescent device comprising an ionic layer, 
which layo* contains nubile ions. 

An electroluminescent (EL) device is a device built up of an 
electroluminescent layer, which layer emits light when a voltage is applied across electrodes 
which are in contact with said layer. Such a device can be used, inter alia, as a light source 
whose light ouQ)ut can be varied in a simple manner by varying the applied voltage. An 
assembly of independentiy addressable EL devices, for example in the form of a matrix of 
light-emitting areas, can be used as a display. 

Apart from EL devices based on inorganic materials, such as GaAs, also 
EL devices based on organic materials are known. Organic EL (oEL) devices on the basis of 
low-molecular weight materials and on the basis of polymers are known. Known oEL devices 
are single-layer devices, which means that, apart from the electrodes, the device only 
comprises the electroluminescent layer, or they are multilayer devices. 

The performance of an organic EL device, measured, for example, in 
terms of the luminance at a spedfic voltage, depends to a substantial degree on which 
electrode materials are used. In general, it is assumed that in the case of electrons, the 
number of electrons injected depends exponentially on the difference between the work 
function of the electrode and the electron affinity of the organic layer. In the case of holes, 
the difference between the work function of the electrode and the ionization potential of the 
organic layer is of corresponding importance. This dependence applies mutatis mutandis also 
to the EL efficiency, which is defined as the ratio between the number of photons emitted 
and the number of charge carriers injected, as said EL efficiency is governed by the ratio 
between the electron current and the hole current. Consequently, it has been found in 
practice that in the case of, in particular, single-layer devices, the performance necessary for 
the above-mentioned applications generally can only be achieved if the negative electrode, 
also referred to as cathode, comprises a metal having a low work function. A low work 
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Conseqtientlyra multilayer construction of the known LEC in which only one layer contains 
the electrolyte is not feasible. In addition, it is difficult to disperse the electrolyte on a 
molecular scale in the customary EL materials, which, in general, are non-ionic and 
predominantly apolar. 

5 

It is an object of the invention, inter alia, to provide an oEL device which 
does not have the above-mentioned drawbacks. The invention specifically aims at an oEL 
device whose service life under ambient conditions is much better, even without particular 

10 protective measures, than that of comparable, known LEC devices, even when the air is 
saturated with water vapour. Said device should have a good EL efficiency and have a 
satisfactory light output already at a low voltage. In addition, the EL efficiency of the device 
should be substantially independent of the work function of the electrodes used, so that it is 
possible, inter alia, to use a material having a high work function as the cathode material or 

IS to use the same material for both the anode and the cathode. The expression "substantially 
independent'' is to be understood to mean herein that the charge injection is no longer 
determined by the above-mentioned exponential dependence. A further object is to disperse 
the ions of the electrolyte on a molecular scale. It should be possible to choose the ionic 
characteristics of a layer substantially independently of the charge*transporting and 

20 electroluminescent characteristics of the layer. The expression "charge transport" is to be 
understood to mean only the transport of electrons and holes necessary for the 
electroluminescence, not the transport of ions. In the case of a multilayer structure, it should 
be possible, if necessary, to limit the presence of ions of a specific polarity to one or more 
layers. It should also be possible to manufacture the single-layer or multilayer EL device in a 

25 simple manner. In particular, it should be possible to achieve the intended properties with 
oEL devices which are exposed to ambient conditions during their manufacture. 

These and other objects are achieved by means of an EL device of the 
type mentioned in the opening paragraph, which is characterized, in accordance with the 
invention, in that either only negatively charged ions or only positively charged ions are 

30 mobile relative to the first electrode. It has been found that the service life, under ambient 
conditions, of the EL device manufactured in accordance with the invention is much longer 
than that of comparable, known LEC devices in which both positive and negative mobile ions 
are used. Said service life is achieved without taking any protective measures. It has even 
been found that such devices can be operated for days in an atmosphere saturated with water 
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manner. Suitatble mobile cations are, for example, alkaline (earth) metal ions, such as Na^ or 
K"^, or quaternary ammonium compounds, taking the above general guide lines into 
consideration. In the case of very small cations, such as Li* or maybe even H*, it is 
desirable to use an ion*conducting polymer, such as polyethylene oxide. 

S The ionic layer can only suitably be used in an EL device if a conjugated 

compound is present which transports the injected charges. If a single-layer device is used, 
the presence of a conjugated compound having an EL property in the ionic layer will 
additionally be necessary, which compound is often identical to the charge-transporting 
compound. By means of mixing or synthesis, the ionogenic compound can be combined with 

10 known charge-transporting and EL compounds, such as low-molecular weight fluorescent 
dyes, in particular coumarines, EL polymers, in particular polyphenylenevinylenes, or high- 
molecular or low-molecular weight derivatives of phenyl-biphenyl-l,3,4-oxadiazole or 
triphenylamine dimer or polyvinylcarbazole. It is required, however, that the ionogenic 
compound leaves the charge-transporting and/or electroluminescent properties of the layer 

IS obtained by using the conjugated compound substantially unchanged. This requirement will 
be met if the ionogenic compound has a much larger band gap and ionization potential and a 
much smaller electron affinity than the conjugated compound. 

The ionic layer can be manufactured by means of methods which are 
known per se. Layer tiiicknesses vary typically from 25 to 500 nm, in particular from 50 to 

20 150 hm. 

The time-dependence of the current-voltage characteristic (CV) and of the 
luminance-voltage characteristic (LV) of the EL device in accordance witii Uie invention was 
found to differ from that of the conventional devices in which no mobile ions are used. In 
operation, the CV characteristic of the latter devices is initially constant as a function of 

25 time, but deteriorates gradually, i.e. as a result of degradation, a constanUy increasing 

voltage is necessary to maintain a constant current. However, the CV and LV characteristics 
of the device in accordance with tiie invention improve with time, i.e. tfie voltage required to 
obtain a specific current decreases continuously. In other words, at a constant voltage, the 
current and the luminance increase. Also the EL efficiency of the device improves, values of 

30 at least 1.0 to 1.5% being feasible. Only after a long period of time, typically several days to 
montiis the performance of tiie device decreases as a result of degradation. The time interval 
witiiin which tiie improvement of tiie CV characteristic takes place can be shortened by a so- 
called activating operation. The term "activation" is to be understood to mean ttiat a higher 
voltage is temporarily applied. This voltage typically is a factor of 2 to 4 higher tiian tiie 
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differences in ionization potential, electron affinity or fluorescence spectrum. The EL device 
in accordance with the invention combines the advantages of monolayer and multilayer 
devices. Such a device can be manufactured in a simple manner by successively providing 
the two layers or by using an invrative method which will be described in greater detail 
5 hereinbelow. 

Another preferred embodiment of the EL device in accordance with the 
invention is characterized in that the immobile ion is formed by a charged substituent which 
is linked to the conjugated compound by means of a covalent, saturated bond. By combining 
the ionogenic and conjugated properties in one compound, the necessity of mixing various 

10 compounds can be dispensed with. A problem which often occurs during mixing is phase 
separation. This occurs, in particular, if ionogenic materials have to be mixed with non* 
ionogenic materials. As regards the intended device, however, it is advantageous to disperse 
the ions on a molecular scale. The ionogenic property can be introduced synthetically by 
using a charged group as the substituent of the conjugated compound. By linking the 

IS substituent by means of a covalent, saturated bond, the ionogenic property and the conjugated 
property can be introduced with a minimum of mutual interference. Therefore, suitable 
compounds can be obtained in a simple manner by combining suitable conjugated and 
ionogenic compounds. 

A particular, preferred embodiment of the EL device in accordance with 

20 the invention is characterized in that the immobile ion of the ion layer is formed by a 

polymer. The use of polymeric materials has advantages. The high-molecular weight ensures 
that the ionic portions which form part of the polymer are indeed immobile. Further, 
polymers are, in general, readily processable, amorphous and suitable for producing flexible 
devices having large surface areas by using simple techniques such as spin coating. Examples 

25 of commercially available ionogenic polymers are, for example, polystyrenesulphonate or 
poly<meth)acrylate. Other polyelectrolytes can readily be obtained synthetically. To ensure 
dispersion on a molecular scale, it is of course possible again to combine the ionic property 
and the conjugated property in one compound. In the case of polymers, this is very 
advantageous. The mixing of two polymers will almost always give rise to phase separation 

30 if no special measures, such as the addition of "compatibilizers", are taken. 

A further preferred embodiment of the EL device in accordance with the 
invention is characterized in that the ionic layer comprises a quaternary amine as the 
immobile ion. The expression "quaternary amines" is to be understood to mean herein 
amines which can be obtained from their neutral counterpart by means of an alkylation agent. 
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chosen to be equal or unequal to -X-R-H or -R-H, R, is -R-K,A, or -R-AjK, and R« is equal 
to Rj or to -X-Rs, wherein R is a branched or unbranched CrCjo alkylene or phenylene- 
alkylene, X is sulphur or oxygen, Ki is an ammonium group, A, is selected from the group 
formed by I*, Tos' or other Bronsted-acid anions, A, is -COj or -SO3' and Kj is selected from 

5 the group formed by NR4*, alkali. These compounds can be synthesized in a simple manner 
by means of known methods, are soluble and can readily be processed to form amorphous 
layers in which the ions are dispersed on a molecular scale. Preferably, the fraction 
m/(n+m) in polymers in accordance with formula (I) is below 0.15 and above 0.001. Higher 
values cause the service life to be shortened as a result of an interruption of the conjugation, 

10 whereas lower values require an ever longer activating time. In the case of polymers in 
accoidance with formula (II), the fraction m/(n+m) can be varied between 0 and 1, 
preferably the fraction is greater than 0.001 and smaller than 0.1. The smaller the fraction, 
the longer the necessary activating time is. At values above 0.1, a substantial improvement is 
no longer achieved. It has been found that the service life of EL devices prepared by means 

15 of polymers (II) is better than that of comparable devices prepared by means of polymers in 
accordance with formula (L). It has also been found that, under otherwise equal conditions, 
the voltage necessary to attain a specific current intensity is lower in devices based on 
polymers in accordance with formula (H). If polymers in accordance with formula (II) are 
used, the device can even be operated in air saturated with water vapour for several days. 

20 The presence of non-ionic substituents promotes the solubility. With a 

view thereto, it is advantageous to choose substituents of unequal length and/or branched 
substituents. The use of alkylene substituents longer than C20 hardly leads to a further 
increase in solubility, whereas the quantity of active material is reduced. The solubility is 
also determined by the nature of the mobile counterion. For example, polymers in which the 

25 tosylatc ion is used as the counterion can more readily be dissolved in toluene than the same 
polymer in which iodide is used as the counterion. 

A very advantageous embodiment is characterized in accordance with the 
invention in that the ionic layer comprises a copolymer in accordance with formula (H), 
wherein the degree of polymerization n+m varies from 5 to 1,000,000, R, is methoxy, Rj is 

30 3,7-dimethyloctyloxy, R3 is methoxy and R« is [-CHiCHiNCCHj)^*? . 

The invention also relates to a method of manufacturing an EL device. In 
accordance with this method, a first electrode is provided with an ionic layer on which, 
subsequenUy, a second electrode is provided, which method is characterized in accordance 
with the invention in that the ionic layer comprises a compound which can be alkylated, and. 
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Synthetic reripc 1 

The polymer according to formula (I) 



(I) 




5 with Ri and Rj equal to 3,7-dimethyloctyl, R2 and R4 equal to methyl and R3 equal to 
[-CH2CH2N(CH3)3]*r and X is O is obtained as follows. 

In a 500 ml three-necked flask in nitrogen, 2 g of 
2-methyl-5-(3,7-dimethyloctyl)-l,4-chloromethylbenzene (Syncom bv, University of 
Groningen, The Netherlands) is dissolved in 500 ml of dry tetrahydrofuran (THF). The 

10 solution is heated to 30 and an equimolar amount of potassium*t-butylate (tBuOK) in 
100 ml dry THF is added slowly . The THF is evaporated at 30 and 500 ml of 
cyclohexanone or diglym is added. A quantity of 0.2 mol dimethylaminoethanol and 5 ml di- 
isopropylethylamine are added to the solution thus obtained. As empirically established by 
NMR, 0.2 mol dimethylaminoethanol corresponds to a ratio m/(n+m) of approximately 0.1 

15 in the final product. The solution is heated in nitrogen at 140 for 20 h. The solution is 
' cooled and the polymer is precipitated in methanol, filtered, washed with methanol and dried 
in a vacuum. Further purification may be effectuated by dissolving the polymer in THF, to 
which 0.5 wt% of di-isdpropylethylamine is added, and subsequently precipitating it by 
slowly adding methanol. 

20 Quatemization of the amino group is performed by dissolving the polymer 

in THF, 1 wt%, and treating it with 3 molar equivalents of methyliodide at room 
temperature for 2 hours. 

The resulting mixture may be purified by precipitation by adding methanol and subsequent 
drying. The quatemized polymer thus obtained shows a bright green photo- and 
25 electroluminescence substantially equivalent to its counterpart without the ammonium group. 
The polymer is soluble up to approximately 2 wt% in solvents such as chloroform, THF, 
cyclohexanone. 
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5 ml of di-isoph)pylethylaxnine is added. The solution is heated to 30 °C and a solution of 
2.S molar equivalents of potassium-t-butylate (tBuOK) in 100 ml dried THF is added slowly 
in approximately 5 minutes. This solution is allowed to react for 10 min. Then a solution of 

6 to 10 molar equivalents of t-BuOK in 100 ml of THF is added quickly and is allowed to 
5 react for 15 to 20 h. After 15 to 20 h the reaction mixture is quenched with 20 ml of acetic 

acid in 20 ml of THF. The acidic solution is stirred for another 2 h. The volume of the 
solution is reduced to 50 % of the original volume, and 500 ml of methanol/water ( 5:1) is 
added slowly to the solution while stirring vigorously. The polymer is filtered, washed with 
methanol/water (5: 1) and dried in a vacuum. To purify the polymer, it is dissolved in THF 
10 (0.75 wt%) and fractionated with 500 ml of methanol (3 times). The resultant polymer is 
soluble in toluene, THF, chloroform up to 1 wt% and the ratio m/(n+m), as determined by 
NMR, is 0.07. 

If desired, the amino group is quatemized by stirring a < 1 wt% THF 
solution of the polymer with 3 molar equivalents of methyliodide for 4 h at room 
15 temperature. The quatemized polymer thus obtained shows a bright orange photo- and 
electroluminescence which is essentially identical to the counterpart without the ammonium 
group. 

Alternatively, ethyltosylate may be used as the alkylating agent. 

Polymers which are also prepared according to the above procedure are 
20 those in which R, is equal to 3,7-dimethyloctyloxy, Rj and R3 are equal to methoxy, ^ is 
equal to -0-(CH2)p-N(CH3)3* and p and q=m/(n+m) are chosen according to the table 
below. 





P 


2 


2 


2 


2 


2 


2 


6 


6 


6 


6 


2 


25 


q 


.01 


.03 


.04 


.07 


.10 


1.0 


1.0 


.50 


.25 


.10 


.03 



A polymer which is also preftared according to the above procedure is 
characterized in that R, is equal to methyl, R2 is equal to 4,6-dimethylheptyl, R3 is equal to 
methoxy, and R« is equal to [-OCHjCHjNCCHj),]*!- , which polymer exhibits a bright green 
30 photoluminescence; the polymer with R, equal to hydrogen, Rj equal to 3-methoxyphenyl, R3 
equal to methoxy, and R« equal to [-OCH2CH2N(CH3)3]*r also exhibits a bright green 
photoluminescence. Terpolymers derived from monomers which in homopolymeric form 
luminesce orange and green, respectively, show a ydlow-coloured photoluminescence. 
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vacuum. The polymer thus obtained, contains about 5 % of the acid monomer. The polymer 
is soluble in toluene, THF and chloroform up to 1 %. 

A polymer which has also been prepared is characterized in that K« equals 
2 2 dimcthylbutoxycarbonic acid which is soluble in acetone, DMSO, cyclohexanone and 
5 DMF if a small amount of a tertiary amine, such as di-isqpropylethylamine, is added as well. 



p^ffftmplarv embodiment 1 

Fig. 1 shows, schematically and not to scale, a cross-sectional view of an 

10 EL device 1 in accordance with the inv«ition, which device can be manufactured as follows. 
A glass substrate 2 which is transparent to the light to be emitted is provided with a 
transparent layer of indium tin oxide (TTO) 3 by means of sputtering, said layer having a 
thickness of approximately 150 nm and a surface resistance of less than 20 fl/square. This 
layer is provided, by means of spin coating from a 1 wt.% solution in THF/toluene (1:3), 

15 with an ionic layer 4 of a polymer in accordance with formula (I), wherein R, and are 
3,7.dimethyloctyloxy, Rj and R^ are methoxy, R, is [-CHjCH2N(CH3)3]-^r, m/(m+n) is 0.08, 
which polymer is obtained in accordance with synthetic recipe 1. The Uiickness of the layer 
is approximately 300 nm. The layer obtained is an amorphous, non-diffiising layer which 
photoluminesces orange Ught. Subsequentiy, a 150 nm thick, gold electrode layer 5 is 

20 provided on said layer by means of vacuum dqwsition. The surface area of the device 
amounts to approximately 0.9 cm^. 

The EL device 1 thus obtained is activated by applying a voltage of 22 V 
across the electrodes, the gold electrode serving as the negative electrode. After some time, 
orange Ught is emitted. Figs. 3A, 3B and 3C show, respectively, tiie time-dependence of die 

25 current (A), the luminance and the EL efficiency at ti»e activating voltage of 22 V. The 
luminance is measured by means of a photodiode and a Keitiiley 617 electrometer. A 
photocurrent of 8 x 10* pA corresponds to 100 Cd/m^ The EL efficiency is determined in a 
calibrated "integrating sphere", in which the overall quantity of light which leaves the 
device, including via the sides, is measured by means of a calibrated photodiode. Figs. 3A, 

30 3B and 3C show that the performance of die device improves in the course of time, die final 
EL efficiency being approximately 1.1%. Comparable characteristics are attained at a lower 
activating voltage, yet, in this case, the time necessary to acquire the same current is longer. 
The activating time also increases wiUi the layer tfjickness. 

Fig. 4A shows die current (A) as a function of the voltage (V) and Fig. 
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3B and 3C. 



,0 S^mBta^^ 
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brightness decreases to 50 Cd/m . comprising the gold 
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« ^ , , „ aescribe. in e« -bodimen. 

equal to -OCH.. The p«pant.on of *.s po.^ . ^ 



d.01%. 



rnmparative example 2 

An EL device 1 is manufactured as described in comparative example 1, 
with this difference that the device is manufactured in nitrogen and, instead of the indium 
cathode, use is made of a calcium cathode obtained by vacuum deposition. If a voltage of 
S 5 V is applied, orange light is emitted having a brightness of ISO Cd/m^ and an EL 

efficiency of L0%. The service life of the device thus operated in nitrogen amounts to 100 
hours. If such a device is operated under ambient conditions, dependent upon the speed of 
acting, light emission typically takes place during only approximately ten seconds. 

10 Comparative example 3 

An EL device 1 is manufactured as described in comparative example 1, 

with this difference that the layer 4 in Fig, 1 consists of a mixture of fully (> 98%) 

conjugated poly[2-methoxy-5-(2,7-dimethyloctyloxy)-l ,4-phenylenevinylene] and 

approximately 1 to 10 mol.% LiBF4. The preparation of the polymer is described in Braun 
15 et. al., Syntii. Met., 66 (1994), 75. The polymer exhibits orange photoluminescence. The 

layer 4 is an ionic layer of which both the anion BP/ and the cation Li^ are mobile. At high 

salt concentrations, the layer is scattering. 

Under ambient conditions, a voltage of 10 V is applied to the electrodes 

of the device thus obtained, the indium electrode being used as the negative electrode. The 
20 applied voltage causes the color of the layer to change from orange to greenish black in a 

short period of time, and electroluminescence can be observed only for several hours. 

Exemplary embodiment 3 

Exemplary embodiment 2 is repeated, with this difference that the 
25 polymer used is a polymer in accordance with formula (I), wherein R, and R3 are equal to 
3,7-dimethyloctyl, R2 and R4 are equal to methyl, R3 is equal to [-CH2CH2N(CH3)3]*I- and 
m/(n+m)s0.04. The device exhibits a comparable performance, however, the light emitted 
is green and emission is observed from 3 V. 

.30 Exemplary embodiment 4 

Exemplary embodiment 2 is repeated, with this difference that the 
polymer used is a polymer in accordance with formula (II), wherein Ri and R3 are equal to 
methoxy, R2 is equal to 3,7-dimethyloctyloxy, R5 is equal to [-CH2CH2N(CH3)3]*r, and 
m/(m+n) ranges from 0.01 to 0.25, which polymer is obtained in accordance with syntiietic 
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Subsequently, Ihe frequency is reduced until light emission can be observed, which occurs at 
450 Hz. This maximum frequency at which light emission can still be observed is determined 
in accordance with the same "frequency sweep" at different voltage amplitudes. The results 
are ^own in the following Table. 



5 



voltage (V) 


frequency (Hz) 


3 


4S0 


4 


1200 


5 


3500 


7.5 


8000 


10 


20000 



For comparison, the frequency is at least 1 Hz in the case of a device which is not swollen. 
These results show that the mobility of the mobile ion can be increased by causing the layer 
15 to swell in a solvent, and that the mobility of the mobile ions is governed by the field. 

Exemplary embodiment 7 

Fig. 2 shows, schematically and not to scale, a cross-sectional view of an 

20 EL device 11 which can be manufactured as follows. A precursor layer of the non- 
quatemized variant of the polymer of exemplary embodiment 2 is provided on a glass 
substrate 12 coated with an ITO layer 13, such as used in exemplary embodiment 2. 
Subsequently, the precursor layer is exposed for some time to an alkylating methyliodide 
vapour, as a result of which said layer is quatemized to a certain depth, thereby forming the 

25 ionic layer 15. The non-alkylated part of the precursor layer forms the additional layer 14. 
Subsequently, an indium-electrode layer 16 is applied to the ionic layer 15 in the manner 
described in exemplary embodiment 2. A number of devices in which the time during which 
the precursor layer is exposed to methyliodide vapour is varied, is manufactured in a similar 
mann^. The devices thus obtained are activated for some time at a voltage of 15 V and, 

30 subsequently, the luminance and service life are determined at 5 V. The results of this series 
of measurements are listed in the following Table. 
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said layer, as described in exemplary embodiment 2. The device thus obtained is activated 
for several minutes at 15 V. Subsequently, a voltage of 5 V is applied. At said voltage, the 
luminance is approximately 100 Cd/m^ the EL efficiency is approximately 1% and the 
service life amounts to several weeks. The color of the light emitted corresponds to the 
photoluminescence of the additional layer. 
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A. etec».lumincsc». device comprising a fin. ele^rode. a s«ond 
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in that the immobile ion is fonned by a cnargea 

««nwmer in accordance with formula a) or ai). 
the ionic layer comprises a copolymer m accor 
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(I) 



01) 




wherein the degree of polymerization n+m varies from 5 to 1,000,000, R,, Rj, Rj, R4 are 
chosen to be equal or unequal to -X-R-H or -R-H, Rj is -R-K,A, or -R-AjKj and R« is equal 
to R5 or to -X-Rs, wherdn R is a branched or unbranched Cj-Cjo alkylene or phenylene- 
5 alkylene, X is sulphur or oxygen, K, is an ammonium group. A, is selected from the group 
formed by I', Tos* or other Bronsted-acid anions, Aj is -CO/ or -SO3" and Kj is selected from 
the group formed by NR4*, alkali. 

- 9. An electroluminescent device as claimed in Claim 8, characterized in that 

the ionic layer comprises a copolymer in accordance with formula (II), wherein the degree of 
10 polymerization n+m varies from 5 to 1,000,000, R, is methoxy, Rj is 3,7-dimethyloctyloxy, 
R3 is methoxy and R« is [-CHjCHjNCCHj),]*!-. 

10. A method of manufacturing an electroluminescent device as claimed in 
Claim 1, in which a first electrode is provided with an ionic layer on which, subsequently, a 
second electrode is provided, characterized in that the ionic layer comprises a compound 

15 which can be alkylated, and, before the second electrode is provided, the ionic layer is 
exposed to an alkylating agent, so that ions are formed in regions exposed to said agent. 

11. A method as claimed in Claim 10, characterized in that the alkylating 
agent comprises methyliodide or alkyltoluenesulphonate. 
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